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ABSTRACT 


NPR SYRVHRGIS Pu PARDUBISUD PMs orea? 
WESTONGE USING PTMIGOROMATHIG GS LIRG APPROALMATI NG 


by. 
WELLIGN BLOUNT HODMAN IV 


SUBMITED TO Pie DEradPeey’ Of ELEOTRIGAL SEC IMEI A 
OH LG gunn, wage iN PARTIAL FULPLLLMENT OF TME REQUIRES 
POR THE PRGMGA OF MARTLR OF DULG. 


re co. Ae Gulllenin has prepoesd & moans of nete 
work syntheste ror “r-' Lransient reagonce whien par 
eaten approzlmati to bo made in the time comin rathor Unan 
the frequency fhe desired transient ie obteadne 

On apywtaorlabe tion of suxiliary periedie funetione 
suoh that the resull euncele everywhere @xeept over The pete 
of the transient. fhe eystem fumetion is obtained from the 
trenaforaa of trigenemetric saries aporexiuationa to thene 
euniizeary perlatie fumetiona. The system funetion thua ob- 
tained is not always realinable, tut 2t agmoears that auerocle 
weations can be made euch thet it will be realleabic. 


On the adsumption that the syaten funetion be real~ 
Sencle, or a. 4% can he nade ada & eyninesia preeedure is 

d@evelooed. Tha trangiont ia decosp into tree cemoonents 

neving, reapective » svon and oad syueetry about tte mid 

cee The mystem funetions deterainmed for theee sommonents 

afy tho requiresents fox synthesia os & Llocaless network 
terminated in a remiatance. Such networks are synihesiaged 
rs component. These two networsan are then sonmecterl 
to back" to realize & network for the overall syaten 
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IN PRODUCTION 


The problem of synthesizing a finite, lumped para- 
meter, linear, passive network for prescribed transient re- 
g@ponse has been attacked by forming the ratio of the trans- 
forms of the output and input funetions to give the system 
function h(s). The system function has then been synthesized 
into a network with the necessary approximations being made in 
the frequency domain. Kesulte obtained have varied from good 
to poor, and it appears that the degree of approximation ob- 
tained in the time domain cannot readily be determined from the 


degree of approximation made in the frequency domain. 


& means of making the required approximations in the 
time domain, instead of the frequency domain, would permit scon- 
trol of the time form of the transient. One such means avail- 
able is the finite trigonometric series, which can be made to 
approximate a given periodic time function to any desired de- 
gree of accuracy. <dAn appropriate combination of periodic 
functions based on the desired transient can then be made such 
that the combination cancels everywhere except over the period 


of the transient. 
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DMRIVATIVE OF THE LTRAMBPRH FUN GTIUE PO BT WeALISG 


The follewing gaethed of representing a transient 
of finite duration by en appropriate combination of semh- 
periodic functions hae been propoeed.”* Define the deeZred 


transient ea ¢(4). 





Pige 1 
Tig Desired Draneiens 


Define a semieperiedie function, f(t) as follows: 


{oe t <6 
J = T 
f(t) = f(t) O<t <e 
0 Beect 


f(t) 
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Cent eleriotie Sumetion £0) Derived “res f(t? 





f(t) 48 representable in a fourler series as: 


f ) = 2a acne (t > 0) 


sz = OO 


and its transform a, (s) is represented as: 





oD 
x k 
na(s) = 2. 8- jkm ° 


kK = -0O 


Now define two additional functions, £4 (t) and f(t) as 


follows: 
£,(t) = f(t) + t(t- >) 
f(t) = f(t) - fi(t- >) 
ft (t) 





Pige 3 
Functions f,(t) and f(t), Derived #rom f(t) 


The function 
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The transforms of By it) art f(t) AIG 5 


hye) = hy (8) & oF st 22 cis 


vs 7, Ox 
hy (a) nts) [2 oF). i : 


Following a line of shysioal reasening, tress funte 
Lions one Lares to forms a new funetion, his) oven by 
(a) 
n(a)= th. Direct subatitubion ghowa thet hie je [nem]. 


The lemmene transform of h(a) de readily reeoegnised an 
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in general the Fourler series representation of 
f(t) WLil be an infinite series. Hepregenting finite 
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approximations by , then: 
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QHAPTPTLR Td 


DEVELOPRENT OF A GYNTHESIS PROGADUIE 


The purcese here is to develop a practical means 
of synthesia cf a network whese aysetem fumetion is a (8) 
that 18, a network whose response to & unit impulse function 
is f° (t). 


The necessary ant sufficlent cond’ tions” * for the 
realigeability of a network whose transfer Lapedlanee™ Ls 
| h(a) ave: 
(9) ‘The mumerator of h(a) be of decree not 
greater then tie denominator and, 


(b) Phe denominator have no zeres in the 
right half s=plane, 1.6., the denon 
Anaior must bo a Hurwite polynomlel. 


Thet eondition {#) is fulfilled ie evident from 
om expansion of the functions involved. The fulfiliment of 
sondition (b) 1s subject to diseugsion beyond the saope of 
thie work. It oan be demonetrated thet, ucing the Fourler 
eoerficients in «a finite approximation of Ey ltls sertain 
functions yield o denominator polynomial whieh is Murwits 
while others do not. There appears to be a possibility of 
s0 selecting the coefficients that the denominater poly- 
nomial will be Ihurwite., in any event, thig cendition must, 
+* Hote: ‘ hroughout the following development the word ‘admit- 


tance” way be substituted for “Lapedenge™ wi out 
invaligating the arguments. 
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pe met before synthesis is possible. 


Assume, therefore, that means have been devised 
to agseure the Hurwite character of the dencminator poly- 
nomial, or that 1% is desired to synthesize a network far 
e function whith yields one. it is advigable, in the in- 
tereate of brevity, to normalise at m «= iy and to shift 


ometric soefficiente, 





from complex coeffieients to trigon 


Lat the duretion ef f"(t) be w, then the period 
of f5(t) is an, ando = B= i. 


~ 3 ite 


ke = n® ~ JE i. s*4 





Noting that (%+ %) and j(%,- %,) ave respectively a, 

and Dy» the usual trigenometrie coefficients, by defining 
_ PT + 

a,2e fe" f(t ats hy (es) can be written as; 


‘. P,P o 
(2) h (s) oe, therefore the poles cf h (8) are lo- 
cated at the zeroes of P(s). These seres are @n in number 
and are located in the left half plane (by assumption). Me 
ether general properties of these geros are readily apparent, 


and it aprears thet the problem of lovating tnem woulé be of 
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some decree of difficulty. This problem can be ayoided, 
however, if lessleas netwerka terminated in resiatances 


are aaceptable. 


ed 
Regalling from Chapter I that nny (s) aad Me (# ) 
are respectively twice the sums of the odd order and even 
order terns of note) 
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% *, | 
3) hay (8) Dy Bytes whe Bk” 


% P 
2 Ee on] =. 


6+ 


(4) nots) = 2 use eo offs 
a,8+ 3 4 Fy 
Ser ie ae -o 


Nete now that 17 odd @, end even b. are aero then 
Faye Pgs and Q, are Sil even fumeticne of s, while Q, is an odd 
fumetion of s. Alsa if even fy, Srl odd b, are sero then fy». 
Oy» and ¢ iy SEO O¥er in 8, while Ve fe o8¢ in e. Times the 
product Pye is alwayo even in ¢ and the product Lesiin, 1” ale 
ways odd in 4. 


from equation (1) 4t is evident that 


(5) ? = BY ates ‘at | 





so thet for the special conditions that odd sesine and 

even sine coefficients be zero, or that even cosine and 
ead sine ecefficlienis be sero, the afd and even s — 
4n P(s) are identified with the roles and seros of hy * (8) 


and ha (a). 


The necessary and sufficient eonditions> * Lor a 
polynomial with real coefficients to be a Hurwitz poly- 
nom.&l are that the zeroa of ite odd and even perts ile on 
the j axia where they mutuelly saepearate each ether. Fur 
ther, the ratio of the even odd parte of a Murwite poly- 
nomial is a reactance (suaceptance) function. This implies, 
for * Hurwits, that the wag or Py and ¥ p iis on the j 
axia and that the Stil c .”* & reactance funetion,y 
for the special conditions ob The following 


manipulations are therefore sugseated: 


a) = te = hee 


dividing numerator and denominator by Pol yields: 


Now associate bh (se) with 2.,(8) = se whieh isa 


the rorm for the trensfer lmedance of a lossless network 


terminated in a one ohm resistance. Ba ened Bryn OPO 
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respectively the transfer and driving point funetions for 


the lossless part of the network. 


In making this association the following con- 


ditions ere noted: 


(a) Zire is a reactance funetion. 


(db) Bao hes its poles and zeros restricted 
to the Jj axis. 


(¢) all the poles of Zio are contained 
in Zine * 

(ad) Boy has poles, at the zeros of Pos 
which are not contained in Zio° 


2. to insure 


Gonditions (a), (b), and (¢c) are sufficient 
Synthesis as a lossless ladder network terminated in a 

resistance. The poles of Zeyn Which are not contained in 
Bao represent lossless parallel tuned circuits in series 


With the load resistor. 


At this point the formal procedure of separating 
hy (8) into two parts, each of whieh fulfills one set of the 
requirements for this type of synthesis, would lead to a 
general synthesis procedure. It is more enlightening, 
however, to first observe the time form of the transients 
Which these conditions represent. Using Fourler series 
ceefficients and noting that f(t) = 0 for the interval 
m"<t<2an 
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Since even cofine terns and odd eine terns have even ayme 
metry about i, if t.B +) os tB ots then odc a, and even 
by, Ore 2610. And sinese o§d cosine terme and eren sine terns 
have odd aymmotry about #, if G+) - “f,B-t), then 
even a, ex Oy are georo. Thun the special sonditions 
eecur when the transient has even or odd symastry about Lts 
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tay exbitrary trensient may be condiderm ms the swim of 
two other trangioente, each baving one of the above tyves af 
gymsetry. fo synthesize a network fox an axbitrary tran- 
gient res.unee, then, firet deeom ose the trensient into 
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polat. Gynthesise & network for emoh component. <Atter 
suitable impedance Leveling, connect the natworks bauk to 
hack emi the overall transfer dapedemee function is reai- 
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GHAPTER ITs 


AN EXAMPLE OF THE SYNTHESIG PROORDURE 


Let the desired transient response to a unit in- 


pulse input be a rectangular one es shown: 





Then fit) ia 





e) | a?) p 
_ + pen | ~ a2 wo - 
a, = = ls f(t )cos kt dt= = » = sin kt dt = 0 (ice © 
_ i ;/2n 2 fv i . —- 1 
bb. =F fa f(t ein kt dt=* le 5 sin kt dt= S-(1-cop k 
© € + for k odd 
°° «& 
b, = O for k even. 
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: awn e To i 


% ; 3 Ti wand be “ee 


eye 2 ott = 





Note that odd a, and even by arc zero since the 
transient has even symmetry about its midpoint. In this 
inatance ail &, are zero except a This fact serves to 
simplify the network rather than invalidate the procedures 


developed. 


Agsume that 1% has been established that an ap- 


proximation of six terms will be sufficiently accurate. 





6 
(a) = a = +See s+ de a 
Bp y= O 8 +k . e@ 44 s° 4 9 s~425 
1 a 24 





P 
x 1 1 1 "9 
(s) = + + = 

Me eel 63 9 8405) 

Tf 
=f 

%, = 8 


Po = (8+ 1) (8° 4 9)+(s"+ 1) (s+ 25)4(s°4+ 9)(s%4 25 ) 
= 3(s* + 4.61132) (s+ 18.7702) 


Qe = (a7 4 1)({s@4+9) (s~+ 25) 


too (8) = pg = 2 2 
a%, 36 (9%44.61132)(a°+ 18.7702) 
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Removing the factor of i resulis in the following: 


ond a 22606 , 46866 + i thie... 
22 B s“+4.61132  8°+18.72202 





m3 
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=f 
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if only the rectangular form of the transient be 


required the Impedance level may be reduced by a factor of 


s25¢ yielding 


2.606 , 4.6868 _ | _ 4.0948 


v4 = S+ 

ae és 8°44,61232  s°418.72202 
5. . = 22606 

t i 8 


The network is then realized as 


1.02 e2l9 
1 JOC C IO0C 
O0Q0 
369 Lo 214 0 24h, 


3.3518 


Fig. & 


Network For Approximating Rectengular Transient Response To 
& Unit Impulse 


(Ohms, Henries, Farads) 
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